This paper proposed a Fuzzy Logic Controller for Power System Stabilizer (FLPSS) to enhance the performance of a Single Machine Infinite Bus (SMIB) system under steady state and dynamic conditions of the electrical power system. The proposed FLPSS utilizes two signals; namely speed deviation and change in speed deviation as two inputs variable. Each input variable has seven linguistic variables and totally they form forty nine fuzzy rules for controlling the stabilizer. The effectiveness of the proposed fuzzy stabilizer is demonstrated by simulation in Matlab/Simulink of SMIB system, and the performance for damping low frequency oscillations in power system is better compared with Conventional Power System Stabilizer (CPSS) under small perturbation and three-phase fault.
INTRODUCTION
The low-frequency oscillation in the transmission line of the power system has become the critical problem that affects the safe and stable operation of the power system [1] [2] .For suppressing low frequency oscillations generated by the generator, the generators connected to the system usually are equipped with some control devices. Among many measures to improve power system stability, excitation control is considered to be one of the most effective approach to improve system damping and improve power system stability. The automatic voltage regulator (AVR) in the excitation regulator can keep the generator terminal voltage constant. However, with the wide use of the fast excitation system, the automatic voltage regulation (AVR) system has also brought about negative damping. The negative damping is caused by the hysteresis of the power angle caused by the damping torque of the automatic voltage regulator (AVR) and the excitation winding [3] . The Power System Stabilizer (PSS) provides a compensated signal to the excitation regulator to solve the negative damping problem caused by the fast automatic voltage regulator (AVR) [3] [4] [5] .
In power system, conventional Power System Stabilizer (CPSS) parameter tuning method of ________________________ system is analyzing and calculating around the operating point by a linearized process. The power system stability analyzing requires a precise mathematical model of the system. Power systems are dynamic systems and their operation is varying. The characteristics of the power system are nonlinear. Thus controller parameters that are optimum for one set of operating conditions may not be optimum for another set of operating conditions [5] .
The fuzzy logical controller can effectively overcome the defects of the CPSS by using linguistic rules instead of a precise mathematical model of the system [6] [7] . These linguistic rules are the basis of fuzzy logic controller for fuzzy inferring, which originated from an experienced operator who has enough knowledge of the response of the system under various operating conditions. A fuzzy based controller for PSS (FLPSS) take advantage of fuzzy inference and provide a suitable input signal to excitation system whatever the power system condition varies. This characteristic of FLPSS contributes to enhancement for robustness performance greatly.
The main objective of the paper is to design a FPSS and investigate the effect on stability enhancement under small perturbation and fault condition.
TEST SYSTEM AND CPSS
The power system under consideration consists of the single machine connected to an infinite bus (SMIB) through a transmission line. The schematic diagram of the SMIB structure is shown in Figure 1 . The system model is developed as follows: 
Synchronous Machine
The synchronous generator is equivalent to the three order model, and the motion equation of the rotor is as follows:
Where  and  represents the generator rotor angle and speed respectively, indicates the input torque of prime motor and electromagnetic torque respectively, 0  is rated angular velocity. The small disturbance analysis of the power system can be linearized around the operating point of the system. The dynamic equation of the system after linearization can be expressed by a series of K coefficient [4] .
Excitation System Model
A fast excitation regulator is widely used in the excitation system in modern power system,
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and the simplified excitation system model can be equivalent to an inertial amplification block. The excitation system model is shown in Figure 2 . 
Power System Stabilizer
Conventional PSS (CPSS) is mainly composed of three parts, namely, gain block, compensation block and wash out filterblock. The function of the wash out block is to filter the high frequency signal through the PSS so that the PSS only compensates the phase of the low frequency signal, and does not affect the steady state operation of the system. The gain and compensation blockare the core part of the PSS. The compensation model is composed of the lead lag block, and its role is to compensate the lag angle of damping torque against rotor angle caused by the excitation winding and excitation regulator. The PSS model is shown in Figure 3 . The transfer function the conventional PSS is given by: All of the element models mentioned above can use a series of differential equations to represent their dynamic processes like generators. A linearized approach is adopted for small disturbance analysis of the power system adopts around the operating point of the system. Thus the dynamic differential equations of the system after linearization can be expressed by a series of K coefficient as below [4] . The washout filter stage is neglected here. 
These differential equations can be expressed by Heffron-Phillips block diagram, which is used to simplify the analysis of small signal stability in power system and design corresponding power system stabilizer. The block diagram is shown in Figure 4 . 
FUZZY LOGICAL CONTROL AND FLPSS DESIGN

Fuzzy Logical Control
Fuzzy logic control does not need to establish a strict mathematical model of the controlled object according to the mechanism and analysis. Compared to conventional control method, the fuzzy control system is dependent on the behavior rule base. As the rules expressed in natural language, they are more similar to human's thinking and reasoning habits, thus it is convenient for operators to understand and use them to get more effective control rules. The fuzzy logic control system is mainly composed of four parts, which are fuzzy interface, knowledge database, inference engine and defuzzification. Figure 5 shows the principle components of the fuzzy control system.
The function of the fuzzy interface is to convert the input into the corresponding fuzzy set linguistic variable. The conversion process is completed by the membership function. The membership function measures the membership degree of an input variable to the corresponding fuzzy set, and its range is [0 1]. The fuzzy set is the extension of the normal set. If X is the universe of discourse and its elements are denoted by x, then a fuzzy set A in X is defined as a set of ordered pairs. The function of an inference engine is matching the rules related to the current input (which can be regarded as activating rules) and acquires the conclusion of the rule information activated by the current input and rule base. The common inference methods are Mamdani reasoning method and Takagi-Sugeno reasoning method.
The result of fuzzy inference is fuzzy value, which cannot be directly used as control variable of controller, so it needs to be converted into a precise numerical value that can be implemented by an executing organism. This process is called the defuzzification, and its purpose is to obtain the actual distribution of the control variable according to the result of fuzzy inference. The maximum membership function method, the center of gravity method and the weighted mean method are commonly used to defuzzification.
FLPSS Design
This paper selects speed deviation and change in speed deviation as the two inputs of the FLPSS. The schematic diagram of FLPSS structure is shown in Figure 6 . For matching membership functions range, the scaling factors For each input variable and output variable, seven linguistic variables are defined, namely: NB, NM, NS, ZO, PS, PM and PB which represent negative big, negative medium, negative small, zero, positive small, positive medium and positive big respectively. The membership functions of the input and output variables are shown in Figure 7 and Figure 8 .
With two input variables each consisting of seven linguistic variables, the two inputs and single output of the fuzzy controller will result in 49 rules as shown in Table 1 The fuzzy inference method used in this paper is the Mamdani inference. It is essential to determine the implication fuzzy set recommended by each activated rule.The detailed inference process is as follows. . When all the implication fuzzy sets recommended by each activation rule are obtained, the exact output value of the fuzzy controller can be obtained by combining all the implication fuzzy sets. This process is accomplished through defuzzification. In this paper, the center of gravity method (COG) defuzzification method is used to complete the transformation from the fuzzy value to numerical value. NB  NM  NS  ZO  PS  PM  PB  NB  NB  NB  NB  NS  ZO  ZO  PS  NM  NB  NB  NM  NS  ZO  PS  PM  NL  NB  NB  NM  ZO  PS  PM  PB  ZO  NB  NM  NS  ZO  PS  PM  PB  PS  NB  NM  NS  ZO  PM  PS  PB  PM  NM  NS  ZO  PS  PM  PS  PB  PB  NS  ZO  ZO  PS  PB 
SIMULATION RESULT
The dynamic performance of a single machine infinite-bus system has been analyzed with the proposed FLPSS, and compared with CPSS under small perturbation and three-phase fault. The data of the simulated system are given in reference [8] . The oscillation waveforms of rotor angle  , rotor speed   , terminal voltage t V and electromagnetic power e P are used to measure the dynamic performance of the corresponding PSS under various disturbance.
Small Perturbation
The performance of power system dynamic stability under small perturbation is tested through a step on Vref at Excitation system. The corresponding response of From Figure 7 , it can be seen that when the power system is disturbed by a small perturbation, all concerned state variables tend to stability during a series of oscillating processes under the function of both FLPSS and CPSS. However the duration of oscillation of FLPSS is much shorter than CPSS.
Three-Phase Fault
The performance is tested for a three-phase fault occurs at 1s on transmission. The output response of Step on Vref 
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CONCLUSION
In this study, the fuzzy logic power system stabilizer is designed for SMIB. Rotor speed deviation and change in speed deviation of synchronous generator were taken as the input signals to the fuzzy logic controller. The response from the Fuzzy PSS is compared with output response of CPSS in SMIB system. The performanceof proposed FLPSS is better than CPSS in terms of damping oscillations after system suffers from small perturbation and large signal disturbances. When the system operation point changes, FLPSS automatically adjusts the stabilizer output according to fuzzy control rules rather thantuning the stabilizer parameters, which greatly enhances the robustness performance of FLPSS and contributing to the wide range use in power system. 
